In this paper, we compute the contribution to the coherent elastic neutrino-nucleus scattering cross section from new physics models in the neutrino sector. We use this information to calculate the maximum value of the so-called neutrino floor for direct dark matter detection experiments, which determines when these detectors are sensitive to the neutrino background. After including all relevant experimental constraints in different simplified neutrino models, we have found that the neutrino floor can increase by various orders of magnitude in the region of dark matter masses below 10 GeV in the case of scalar mediators, whereas the increase is approximately a factor of two for vector mediators. In the light of these results, future claims by direct detection experiments exploring the low-mass window must be carefully examined if a signal is found well above the expected Standard Model neutrino floor.
In this paper, we compute the contribution to the coherent elastic neutrino-nucleus scattering cross section from new physics models in the neutrino sector. We use this information to calculate the maximum value of the so-called neutrino floor for direct dark matter detection experiments, which determines when these detectors are sensitive to the neutrino background. After including all relevant experimental constraints in different simplified neutrino models, we have found that the neutrino floor can increase by various orders of magnitude in the region of dark matter masses below 10 GeV in the case of scalar mediators, whereas the increase is approximately a factor of two for vector mediators. In the light of these results, future claims by direct detection experiments exploring the low-mass window must be carefully examined if a signal is found well above the expected Standard Model neutrino floor.
I. INTRODUCTION
Direct detection aims at determining the nature of dark matter (DM) particles through their scattering off a target in underground detectors. A worldwide experimental effort has lead to the design and construction of extremely sensitive experiments, based on a variety of targets and techniques, which are exploring DM-nuclei interactions with unprecedented precision. A fundamental aspect in direct DM searches is the reduction of the Standard Model (SM) events in order to isolate DM ones. Modern experiments employ various techniques, such as the construction of extremely radiopure detectors, the use of a shielding, and the measurement of various channels (e.g., ionisation and scintillation) to discriminate DM signals against the background.
Given this progress, future DM experiments will soon be sensitive to a new source of background, due to coherent elastic neutrino-nucleus scattering (CEνNS), which proceeds through the exchange of a Z boson in the SM [1] . Neutrinos with energies in the 1 − 100 MeV range are quite abundant, cannot be shielded against, and could induce keV scale nuclear recoils which would be difficult to distinguish from those caused by DM particles. For example, the recoil spectrum expected from the 8 B solar neutrino flux would resemble that of a 6 GeV DM particle (with a specific scattering cross-section) [2] . This is interpreted as a "neutrino floor" [3] in the DM-nucleus scattering cross section and DM mass parameter space, which corresponds to the threshold below which the number of neutrino events is expected to be much larger than the number of DM events, which prevents to identify DM events with certainty. Discriminating these signals would require exploiting their different contributions to annual modulation [2, 4] , using a combination of complementary targets [5] and directional detectors [6, 7] or employing detectors with improved energy resolution [8] .
Despite the extremely small energy deposition and weak scale cross section, CEνNS has recently been observed by the COHERENT collaboration [9] for the first time, using neutrinos from a spallation source. Direct detection experiments, will soon be sensitive to the CEνNS from solar neutrinos, which takes place at lower energies, thereby providing complementary information on this process. This also offers the possibility of studying solar properties, and it is perhaps a unique opportunity to measure neutrinos from the CNO cycle [10, 11] and thus estimate the solar metallicity [10] .
New physics in the neutrino sector (described in terms of new mediators between neutrinos and electrons and/or quarks or in terms of non standard effective interactions) can increase the CEνNS scattering cross-section at low energies (as well as in elastic neutrino-electron scattering) [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . This can raise the neutrino floor, inevitably affecting the search for light DM particles in upcoming experiments, especially in those that will explore the low-mass DM window. In this article we study a range of simplified models with emphasis on low-mass mediators in the neutrino sector to which we apply the most recent constraints in order to determine how high the neutrino floor can be. This information is crucial in order to correctly interpret a future signal in direct DM detectors.
We have found that the CEνNS floor can be raised by several orders of magnitude in the region with DM mass below 10 GeV when a new scalar mediator is assumed, while the increase is only by a factor of approximately 2 for a new vector mediator. This result already affects the background predictions for xenon based experiments such as XENON1T [25] and, more importantly, it has deep implications for future results from detectors that explore the low-mass DM window, such as SuperCDMS SNOLAB [26] and NEWS-G [27] .
This article is organised as follows. In Section II, we review the computation of the neutrino floor in the SM and introduce various simplified models for new physics in the neutrino sector. For each of them, we review the main experimental constraints and, using these, we evaluate the highest possible neutrino rate that can be expected in direct DM detection experiments. In Section III we obtain a new (raised ) neutrino floor that we put into the context of the next generation dark matter detectors. In Section IV we present the conclusions of this work.
II. NEW PHYSICS IN THE NEUTRINO SECTOR AND THE CEνNS FLOOR
The total number of expected events from CEνNS in a direct DM detection experiment with a given exposure, ǫ, can be computed by integrating the CEνNS cross section, dσ νN /dE R , and the incoming flux of neutrinos, dφ ν /dE ν , over the resulting nuclear recoil energy,
where m N is the nuclear mass, and E min ν is the minimum neutrino energy to produce a nuclear recoil of energy E R . In the SM, the coherent scattering of neutrinos off nuclei takes place through the exchange of a Z boson, and the resulting cross section reads [1] 
where G F is the Fermi constant, Q vN = N − (1 − 4 sin 2 θ w )Z is the weak hypercharge of a target nucleus containing N neutrons and Z protons, and F 2 (E R ) is the nuclear form factor, for which we have taken the parametrisation given by Helm [28] . The scattering cross section benefits from a coherence factor that scales as the total number of nucleons squared Q 2 vN ∼ A 2 . The neutrino flux at low energies is dominated by solar neutrinos, and the relevant fluxes used in this work can be found in Refs. [29, 30] . At higher energies, atmospheric neutrinos are the most important source, although their flux is substantially smaller [31] . As a side note, although there are systematic and statistical uncertainties of the order of 1 − 10% associated to the flux of solar neutrinos, we will neglect these in calculating the neutrino floor. As we will show below, the effect of new physics can be much larger than such uncertainties.
The neutrino floor is constructed as follows. For a given target nucleus, a minimum energy threshold E T is set and, using Eq. (1), the exposure required to give 1 expected count of CEνNS is calculated. Using this value of the exposure, one can compute the minimum spin-independent WIMP-nucleon elastic cross section, σ SI χn , that can be excluded at the 90% confidence level for each value of the DM particle mass, m χ . For a background-free analysis, this lies along the 2.3 DM event isovalue contour. The threshold energy is then varied across the relevant range and, by taking a lower envelope on σ SI χn , we obtain the contour in parameter space along which, given an optimal choice of the threshold to minimise the neutrino background, there will be as many CEνNS events as WIMP events [2] . The neutrino floor can also be generalised to other types of DM-nucleus effective field theory operators [32] , but in this work we assume only a spin-independent WIMP-nucleon interaction. In our calculation of the DM signature we have assumed a Standard Halo Model with a local density of 0.4 GeV cm −3 , a central velocity of 230 km s −1 , and a velocity dispersion of 156 km s −1 .
As mentioned in the Introduction, disentangling DM and neutrino signals in the region of parameter space below this line is not impossible, but the CEνNS floor serves as an indication of the point at which neutrinos become a significant obstacle to DM direct detection. New physics in the neutrino sector can contribute to the predicted CEνNS cross section, thus shifting the neutrino floor. These contributions are larger for light mediators [14, 15, 17, 22, 32, 33] .
A. Models
We have considered a set of low scale simplified models in which the SM structure is extended by the inclusion of a new light mediator [34, 35] between the neutrinos and quarks (and/or leptons). An obvious concern of dealing with simplified models at low scales is the difficulty in realizing such models in UV complete frameworks. This concern is justified as such models typically have chiral anomalies, requiring extra light fermion content to fix it, or non-trivial scalar sectors associated to the breaking of some symmetry at low scales. To mitigate this worry, we will focus on low scale simplified models that may have a clear UV completion: gauged B − L [13, 36] , gauged B − L(3) of the third family [37] , sequential Z ′ [38] and scalar mediators (see e.g. Ref. [39] ).
• Vector/Axial Vector Mediator:
The introduction of a new vector field, Z ′ , that couples to SM fermions gives rise to new terms in the SM Lagrangian of the form
where g Z ′ is the gauge coupling of the new gauge group; J Z ′ , J em , and J Z are the Z ′ , electromagnetic, and Z currents; and ǫ and ǫ ′ parametrize the Z ′ mixing with the photon and the Z boson, respectively. Here we will not study any model with kinetic mixing, so we can disregard the last term in eq. (3). To ease the notation, we parametrise the Lagrangian as 
where the SM cross section is given in Eq. (2) . Here Q νN and Q ′ νN,v are the coherence factors of the cross section, the latter being given by
Eq.(4) assumes a vector mediator. However we did check the case of an axial coupling. Typically, axial interactions contribute less significantly to the CEνNS cross section than vector interactions, as the former couple to the overall spin of the nucleus [40] [41] [42] [43] . The coherence factor for an axial interaction is proportional to the nuclear angular momentum, and does not benefit from the ∼ A 2 enhancement. Since the couplings c ν are still affected by the constraints from electron interactions, one should not expect a large contribution from the axial component for heavy nuclei. However, this contribution can be significant for light targets provided they have non-vanishing nuclear angular momentum. In our study, we have considered Ge and Xe (which are heavy targets), and He (which has zero spin), for all of which the contribution from axial couplings is negligible, and thus has been dropped out in Eq. (6) .
To obtain the CEνNS cross section for any of the models considered here, we simply need to identify the corresponding c f couplings. Different models have different couplings to quarks and leptons, leading to distinct constraints on the values of the gauge coupling and mediator mass: the constraints used in this paper for the B − L(3) model are taken from Ref. [37, 44, 45] for the case tan β = 10, which leads to ǫ ′ ≃ 0.01g B−L(3) ; while the constraints on the B − L model are a combination of those used in Refs. [13, 14, 46, 47] and Big Bang nucleosynthesis (BBN) constraints given in Ref [48] . The Sequential SM turns out to be extremely constrained and the resulting contribution to the neutrino floor is very small, thus we will not discuss it further.
• Scalar/Pseudoscalar mediator:
The other scenario of interest which may impact the neutrino floor is constituted by a light scalar mediator that interacts with SM fermions [49, 50] . We consider here a simple extension of the form
where the sum runs over all charged fermions. Note that in this scenario the scalar coupling violates lepton number 1 . For simplicity, we assume that all SM particles have the same coupling y f = y to φ. We also neglect y 5 f , as this pseudoscalar coupling leads to a very small contribution to the coherent scattering cross section (see e.g. [43] ). The resulting CEνNS cross section reads
where m φ is the mass of the scalar mediator and the new coherence factor Q ′ νN,s = 13.8A − 0.02Z is computed using Refs. [51] [52] [53] [54] to calculate the scalar-quark form factors.
Compared with the models with a vector mediator discussed above, the specific couplings of this scalar model are less motivated by theory. It therefore has fewer model specific constraints. In this work, we have considered the bounds from astrophysical and cosmological sources discussed in Ref. [55] , and the results of the COHERENT experiment [9] . Fig. 1 represents the areas in the mediator mass and coupling parameter space that are available for models with new vector (left) and scalar (right) mediators. Gray regions are excluded by various astrophysical and cosmological limits, as well as bounds from neutrino experiments. The upper bound on new physics couplings obtained from the COHERENT observation [9] is shown by means of a dashed gray line [21, 55, 56] . The green dashed and green dot-dashed lines for scalar mediators indicate the values of the neutrino coupling for which the neutrino diffusion rate and the core equation of state in supernovae could be significantly altered and need to be reevaluated. Vector mediators are extremely constrained by a combination of bounds from neutrino experiments (mainly Borexino, GEMMA) as well as astrophysical constraints (on supernovae and other stellar systems). Contrariwise, models with extra scalar mediators are in principle more flexible (with the caveat that supernovae limits might have to be reevaluated).
III. RESULTS
For each simplified model described in Sec. II, we have considered the largest possible values of the neutrino couplings as a function of the mediator mass that is allowed by the various experimental constraints (represented as a solid black line in Fig. 1 ), and we have used these to determine the maximum contribution to the CEνNS cross section. The height and shape of the CEνNS floor vary for different target nuclei. Here we consider three different materials. Germanium and xenon have qualitatively similar shapes, but we include both as they are common targets in low and high mass searches respectively, including SuperCDMS [26] , XENON1T [25] , LZ [57] , and DARWIN [58] . We also include helium, as an example of a very light target, which has been proposed as a way of probing very low DM masses in a future phase of the NEWS-G experiment [27] . The sensitivity line for NEWS-G has been extracted from Ref. [59] . The very low mass of the He nucleus allows solar 8 B neutrinos to generate much higher energy recoils. The resulting flattening of the recoil spectrum prevents us from distinguishing 8 B neutrinos from higher mass DM simply by choosing a higher energy threshold, and so the neutrino floor is noticeably flatter than it is for heavier targets. Figure 2 represents the resulting CEνNS floor for the two vector mediated models discussed in Sec II A. For comparison, the SM contribution is shown as a solid grey line. We can observe that the new physics contribution can be greater than a factor of 2 for DM masses below 10 GeV. The B − L model (black dashed line) has a greater enhancement at low masses than the B − L(3) (black dot-dashed line) due to less stringent constraints on the mediator mass. However, at higher energies the B − L(3) enhancement is comparable, as larger couplings to the third generation are allowed with higher mediator masses. We also observe that current direct detection experiments are beginning to probe the region of parameter space below the "new" neutrino floor, suggesting that future detectors could be used to put competitive limits on the properties of these new vector mediators.
As expected, models with scalar mediators allow for a much larger enhancement of the neutrino floor, represented by a dashed line in Fig. 3 . However, the spectacular increase of several orders of magnitude for DM masses below 10 GeV is subject to the reevaluation of supernovae constraints in this kind of lepton-violating models. As pointed out in Ref. [55] , it is uncertain whether this range of mediator masses and couplings can induce changes in the equation of state that describes the supernova core and the physics of neutrino diffusion. To account for these effects, in Fig. 3 we also show the results when neutrino diffusion are limits included (dot-dashed line) and when a strict limit on the supernova core equation of state is also added (dotted line). The spectacular enhancement of the neutrino floor at small DM masses corresponds to very light new mediators (with masses in the MeV range) [49, 50] , while for heavier mediators, such as those considered in Ref. [15] , the increase is much more moderate.
The new scalar mediator gives very little enhancement to the neutrino floor at higher WIMP masses, since the region of heavy mediators is more constrained from particle physics bounds, meaning that the best prospects to constrain such models come from experiments with low energy thresholds such as SuperCDMS SNOLAB. Fig. 2 , but for a scalar mediator. For the constraints on our model, we consider three different cases discussed in Sec II A: one in which supernova constraints are neglected (dashed), one in which supernova diffraction constraints are included but bounds from the SN core EoS are ignored (dot-dashed) and one in which all supernova constraints are included (dotted).
IV. CONCLUSIONS
In this paper we have determined the contribution from new physics models to the coherent neutrino scattering (CEνNS) floor, which is expected to be within the reach of next-generation DM direct detection experiments. We have considered a collection of simplified models that include a new vector or scalar mediator between the SM neutrino and the SM quarks and leptons. We have incorporated the most recent constraints from various sources of experiments and astrophysical observations and used them to determine the maximum reach of the neutrino floor in the parameter space of elastic spin-independent DM scattering. In doing this, we have payed particular attention to the limits on new physics that can be derived from the recent observation of CEνNS by the COHERENT collaboration.
We have observed that, in the case of vector mediators embedded in UV complete frameworks, the CEνNS floor can be raised by approximately a factor of two for small DM masses (below 10 GeV, where the main contribution is due to solar neutrinos) and by a factor of 1.3 for large DM masses (where atmospheric neutrinos dominate). Experimental limits from neutrino and beam dump experiments are the main obstacle that limits the height of the neutrino floor in these scenarios.
In the case of new scalar mediators, the neutrino floor can be raised by several orders of magnitude in the region of low-mass DM (below 10 GeV), a feature that is definitely within the reach of upcoming experiments such as SuperCDMS SNOLAB and NEWS-G. However, this spectacular enhancement is subject to the re-examination of supernovae bounds, as new physics can induce changes in the equation of state of the supernova core that must be carefully analysed. If these bounds turn out to be as strong as suggested in Ref. [55] , the maximum enhancement of the neutrino floor due to a light scalar mediator would be quite small.
In conclusion, our results indicate that the expected CEνNS background in the recent XENON1T results could increase by an a factor of two or even more. More importantly, future claims by DM experiments in the low-mass window must be carefully examined to discriminate neutrino and DM signals well above the expected SM neutrino floor.
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